INTRODUCTION
Alcohol and heroin abuse are a global health problem and their consequences in terms of excessive mortality and morbidity are currently a burden to society. The negative effects of these substances on brain functioning are severe and range from decreased neural connectivity [1] to cell death due to apoptotic gene expression [2] . These effects are particularly evident in the prefrontal structures of heroin addicts [3] , being therefore associated with deficits in executive function [4] yielding both functional and behavioural consequences.
Heroin is an opiate that has analgesic and sedative properties; however it is the strong feeling of euphoria induced by this substance that leads to addiction [5] . This narcotic acts in the reward neural system by increasing dopamine release in the corticostriatal circuit, particularly in the nucleus accumbens [6] . The repeated exposure to the heroin molecule prompts the Alcohol dependence syndrome has also been related to brain dysfunction specifically in the prefrontal cortex [8] .
There is evidence through neuroimaging and neuropsychological studies that suggests a decrease in specific cognitive abilities [for a review, see 8], particularly those associated to the frontal lobes (i.e., executive control, impulsivity and attention).
Executive functioning comprises several cognitive domains, such as working memory, attention, planning, decision-making and inhibitory control [9] . There is evidence indicating that heroin addicts act impulsively, producing more false alarm rates in a suppression task [lO] and reveal poorer impulse control than normal subjects [11] , and these consequences may last for months after heroin withdrawal [5] .
The studies presented above highlight the neuropsychological consequences of alcohol and opioid abuse, but the literature is unclear about the effectiveness of neuropsychological rehabilitation in alcohol and heroin addicts.
Training and stimulating cognitive functions that have been compromised by the effects of the drugs seems to be one option [12, 13, 14] . Serious games (SG) i.e. games that were designed for other purposes than gaming, also seems to be a sound way to do it. In fact, several have already been designed and applied to stroke and traumatic brain injury rehabilitation [e.g., 15, 16] .
However, for addiction related cognitive impairments, studies are sti II scarce.
On the other hand, the increasing development of both hardware and software has enabled these SG to be played on mobile devices [17] . The feature of mobility would be an added bonus to therapy. It would allow training outside the rehabilitation facilities and the dissemination of these services throughout the rehab community.
Under this light, this paper reports on the preliminary results of a cognitive stimulation program that was devised to improve executive functioning in heroin and alcohol abusers with mobile SG applications.
A.
Participants

II. METHOD
Sixty-six patients who were either alcohol or drug addicts participated in this study. Of these, 61 had been diagnosed with alcohol dependence (52 males and 9 females, },f'ge = 45.64 years, SDage = 9.67 with an average of eight years of formal education, with a SD = 4.48), and the remaining were 5 male heroin addicts (},f'ge = 45.00 years-old; SDage = 13.47 and nine years of formal education, with a SD = 4. The assessment of frontal brain functioning was carried out with the Frontal Assessment Battery -F AB [20] . The F AB assesses conceptualization, mental flexibility, motor programming, sensitivity to interference, inhibitory control and environmental autonomy. The maximum score is 18 points.
Cognitive flexibility was assessed through the Wisconsin Card Sorting Test -WCST [21] , which evaluates cognitive functions in several executive domains, namely the ability to develop and maintain appropriate strategies of problem solving and planning and the ability to use environmental feedback to modify a cognitive response. In the current study we used the short-version (WCST-64).
The speed of processing and attentional abilities were also evaluated through the Color Trail Test -CTT [22] . The CTT assesses focused and divided attention, sequencing, mental flexibility, visual search and motor functions. Each session started with a brief training period in which participants were able to acquire interaction skills with the touchscreen devices. Participants' responses were registered using the device input from the touchscreen.
Cognitive stimulation in each session comprised attention, working memory and logical reasoning exercises. The level of difficulty of each task increased progressively throughout the cognitive stimulation rationale. In the last session, the same neuropsychological tests used in the first assessment were again applied (see Table I ).
III.
RESULTS
The variables assessed during the neuropsychological evaluation were submitted to non-parametric statistical analyses due to non-normal distribution of the dependent variables. The dependent variables were related to the neuropsychological assessment carried out through the overall score of the MMSE and the F AB, the hit percentage in the WCST and mean errors during the execution of the CTT.
Given that alcohol and heroin patients' groups are unbalanced, we avoided any comparison between these two groups.
Instead, we performed a comparison of neuropsychological performance in the fIrst assessment within the sample of alcohol patients, namely for the traditional paper and-pencil cognitive stimulation, the health mobile cognitive stimulation and the waiting list. Independent non-parametric tests based on Kruskal-Wallis H statistic were carried out in order to study differences between these groups for neuropsychological variables. The Table II As regards the alcohol addicts in the health mobile group, the same procedure identifIed a statistical signifIcant increase in the overall score from the MMSE (Zw = -2.512; P < 0.05), the overall score from the FAB (Zw = -3.121; P < 0.01) and in hit percentage from the WSCT (Zw = -2.160; P < 0.05). No statistically signifIcant differences were found for mean errors in the CTT (p > 0.05). These results suggest an increase in general cognitive ability, executive functioning and flexibility in patients subjected to health mobile cognitive stimulation.
The waiting list group revealed an increase in general cognitive ability in the second assessment (Zw = -2.488; P < 0.05). No other effects were observed (p > 0.05).
As regards the heroin-addicted sample, the comparison between the two neuropsychological assessments showed a marginally signifIcant increase in the overall score from the 
